With regard to spinal deformity, reconstructive surgery in the spondylotic spine has the potential to cause severe neurological damage because of the complex dynamic forces involved in deformity correction acting on a both rigid and brittle spine. In addition, poor bone quality due to osteoporosis and osteopenia may lead to poor fixation and dislodgement of instrumentations, especially with the distinctive condition of the spine that acts more like a long, tubular bone structure than a system of articulating joints. 29 Although surgery is commonly recommended for patients with AS who have spinal fractures or deformities, these patients pose several intraoperative challenges that may lead to significant complications and death if not recognized and efficiently managed. The surgeon must therefore be aware of several potential perioperative complications. In this review, imaging studies, intubation procedures, intraoperative positioning, and neurological monitoring will be discussed in relation to the patient with AS. Steps to avoid perioperative complications in these patients are provided in Table 1 .
Imaging Studies
Imaging of the spine must be obtained prior to the initiation of any intervention in patients with AS who are suspected of having a spine lesion, particularly in a trauma setting. In addition, imaging studies must be acquired expeditiously due to the propensity for spinal instability in cases of traumatic injury, possibly leading to neurological decline. 45 Unfortunately the ability to conduct an accurate assessment of the spine is often restricted in these patients, and additionally, the techniques required to obtain adequate images may place them at risk for additional injury. Further complicating the situation, frequently associated osteopenia may make the interpretation of radiographs difficult. Even with documented diagnosis of AS, the presence of cervicothoracic kyphosis may preclude adequate visualization and evaluation of the cervical spine on standard plain films. 37 Meticulous review of imaging of the lower cervical and cervicothoracic junction is essential because the majority of fractures and deformities occur in this region in patients with AS.
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As a result of these difficulties, advanced imaging modalities such as CT and MR are invaluable adjuncts to plain films and fluoroscopy when obtaining images of the spine in patients with AS. The severe deformities in these patients often require special imaging reconstructions to allow the surgeon to properly visualize the spinal canal and other critical structures such as the vertebral pedicles at the apex of the deformity. Specifically, the ability to obtain 2D and 3D reconstructions in multiple anatomical planes on both CT and MR images allows physicians to assess spinal anatomy more accurately in patients with such complicated pathological entities. 11, 32, 37 Magnetic resonance imaging is recommended for visualizing spinal cord and paraspinal soft tissue damage, and it is the recommended study to evaluate for the presence of an epidural hematoma, a lesion commonly found with fractures in patients with AS. 3, 4, 32 If the supine position in intolerable because of pain or risk to neurological status, the right decubitus position is acceptable, or a pillow can be used to raise the pelvis and lower the head (Fig. 2) . 37 It must be kept in mind however that patients with AS frequently require additional care during positioning for advanced imaging studies, whether in the imaging suite or the operating room. Due to the frequency of fractures in the AS population, the clinician should assume any patient who reports insidious, radiating pain from the spine during image acquisition has suffered a fracture. Ruf et al. 37 report-D. M. Sciubba et al. consider placement of halo prior to positioning assess kyphotic deformity preoperatively so the patient is not placed in excessive lordosis neurological monitoring consider local anesthesia or awake intubation and positioning prior to surgery use multiple electrophysiological modalities (SSEPs, MEPs, etc.) and/or wake-up tests during surgical manipulation bleeding prepare blood bank and operating room staff for large amounts of blood loss iatrogenic obtain emergency MR imaging in any patient who experiences acute neurological deterioration following surgery fractures * ed on a case in which positioning a patient for plain radiography generated sufficient pressure on the spinal column to fracture L-3. In patients with kyphotic deformities, generous use of bolsters and padding should be used to relieve stress on the hips and thorax. 43 Prolonged pressure on those areas may place significant strain on the intervening brittle spine, in some cases leading to a fracture.
Intubation
Although a smooth and successful intubation is of paramount importance in airway management and prior to any surgical intervention, the risks are significantly increased in patients with AS. First, the presence of large anterior cervical osteophytes may prohibit successful visualization of the larynx and may prevent endotracheal intubation due to significant mass obstruction. In Fig. 3 , a lateral radiograph is shown that was obtained in a patient who presented with disphagia presumably caused by distortion of soft tissues from bone overgrowth. The patient underwent successful intubation followed by drilling of the anterior osteophytes. Cesur et al. 8 reported on a case in which an osteophyte prevented numerous attempts at intubation. After the patient was placed under general anesthesia, the anesthesiologist attempted several endotracheal intubations without success. Successive attempts included blind nasotracheal intubation, placement of a laryngeal mask airway, and retrograde intubation, but all were unsuccessful. Using Magill forceps during direct laryngoscopy, intubation was finally achieved. The authors recommend that radiological studies be conducted prior to intubation of any patient with AS so that the presence of obstructive entities can be determined. Although osteophytes large enough to obstruct the airway significantly are not exceedingly common, 8, 36 standard manipulation of the neck during endotracheal intubation may be complicated by the weak and brittle nature of cervical spine. Therefore, relatively minor flexion or extension forces during head positioning for intubation could lead to the creation of iatrogenic fractures by the intubation professional. 35 
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Perioperative challenges in the surgical management of ankylosing spondylitis Cervical flexion deformity, also known as chin-on-chest deformity, may also contribute significant challenges during intubation. When preoperative assessments show limited ability to open the mouth or move the neck, options for intubation are reduced (Fig. 4) . Simmons and colleagues 40 reported success using local anesthesia for reduction of such deformities via cervical opening wedge osteotomies with the patient in the sitting position (a technique pioneered by Urist in 1958 46 ). Since their study, however, advances in intubation, positioning, airway monitoring, and neurological monitoring have improved and now allow surgeons to perform operations in patients under general anesthesia in the prone position. Currently, patients with these deformities can be successfully treated with nasotracheal fiberoptic intubation if attempts with other techniques have failed. 26, 44 As a special consideration for patients with AS, informed consent should include obtaining a consent for tracheotomy in the event that an obstructive cervical osteophyte or severe cervical flexion deformity prevent successful intubation.
Patient Positioning
Proper positioning of a patient with AS in the operating room or the ICU is imperative not only for the patient with an unstable fracture, but in all AS patients because of their an increased risk of iatrogenic injury. During head positioning, the surgeon must take into account the sagittal alignment of the cervical spine, which may often be significantly kyphotic. When fractures already exist in these patients, inadequate assessment of the mass of the head and the extent of cervical kyphosis can have disastrous effects such as complete spinal cord damage and possible death. Hunter and colleagues 22 reported on a case in which rotating a patient in traction led to death.
In surgeries involving osteotomy or reduction of the cervical spine, preoperative halo placement and traction have shown success in improving stability during positioning. 2, 10, 31, 40, 45 To allow a certain degree of freedom for patients with AS in the operating room or ICU, a number of adaptations to patient beds have been developed to accommodate prolonged immobilization. Such advances have particular relevance for the AS population because they allow the patient to maintain a more comfortable kyphotic condition with cervical traction. For instance, the circle electric bed may allow movement that would otherwise be contraindicated because of associated alteration of traction. 11 This apparatus allows the patient to be rotated within a circular frame with a fixed head position relative to the torso throughout all maneuvers, such that sagittal alignment and traction are maintained. Postoperatively, specialized beds such as these also facilitate changing from a supine or prone position to an upright position. 40 When using such beds, it has been recommended that only enough traction to counterbalance the head be used. 11, 40 At our institutions, patients with cervical flexion deformity are placed in a Mayfield head frame to minimize excessive movement of the head relative to the torso. Such rigid stabilization also serves to elevate the patient's face from the operative bed, eliminating prolonged contact with underlying cushions. This maneuver, combined with a reverse Trendelenburg position, may serve to decrease intraocular pressure and ocular venous pressure, which may potentially decrease the incidence of postoperative blindness.
Neurological Monitoring
The ability to monitor the neurological status of any patient during positioning or surgical manipulation is extremely important in any spine surgery. However, due to the significant spinal instability in patients with AS and the potential serious complications associated with surgical manipulation, neurological monitoring in such patients is critical. The Scoliosis Research Society in 1974 41 found that aggressive surgeries to correct deformities were associated with severe postoperative neurological deficits, and thus the society advised the universal use of intraoperative monitoring. In patients with AS, this statement is especially relevant. The surgeon must first decide whether the patient should receive general anesthesia at all. Because of the potentially hazardous nature of osteotomy procedures, a local anesthetic can be administered for frequent neurological assessments during deformity correction. Urist 46 was one of the first to report success with cervical osteotomy with the patient in the sitting position and with local anesthesia. Such operations carry a high risk of neurological complications due to the potential for iatrogenic cervical subluxation and spinal cord compromise, and thus continual feedback on neurological status provided by the awake patient is especially important. 1, 10, 29 Nevertheless, performing these complex corrective spinal procedures on awake patients is a challenging task and is done on a rare basis.
Many complex spine surgeries however, require patients D. M. Sciubba et al.
to be in the prone position for prolonged periods with extensive soft tissue exposure, making awake surgeries uncomfortable or completely infeasible for the patient. For this reason, the wake-up test, a technique originally introduced by Vazuelle and Stagnara in 1973, 47 has been used to monitor the neurological status of patients undergoing prolonged spine deformity surgeries in the prone position. Specifically, after surgical manipulation of the spine, the level of sedation is reduced and the patient is asked to squeeze the hand of the anesthesiologist or move his lower extremities. Currently, placement of the patient in the prone position under general anesthesia is the preferred method for most spine surgeries, including those in patients with AS because it allows the surgeon easier access and manipulations of the spine, and the patient can tolerate a longer procedure. 5, 6, 9, 20, 21, 27 In addition, in patients in whom osteotomies are needed in the thoracic or lumbar spine, a large surgical exposure necessitates the the use of the prone position with general anesthesia.
Some surgeons feel that the cervical spine region is at a particularly high risk for neurovascular complications compared with the lumbar or thoracic area due to the higher level of the associated spine cord and accompanying vertebral arteries. 40 The unique challenges inherent to cervical osteotomy procedures led Urist 40 and Simmons et al. 46 to recommend the use of a local anesthetic in AS deformity correction procedures to permit multiple real-time neurological examinations. These patients, however, are at severe risk of neurological damage should they suddenly move their spines in their sedated and disoriented state. 10 For this reason Law et al. 28 were the first to report successful reduction of a severe cervical flexion deformity with general anesthesia in the prone position. Since their study, authors such as Chin and associates 10 have conducted cervical osteotomies in patients using a Jackson table while monitoring neurological status using neurophysiological techniques.
Along these lines, if the decision has been made to proceed using general anesthesia, with or without the use of wake-up tests, many authors have stated that neurolophysiological monitoring is absolutely required. 10, 27, 28, 33, [39] [40] [41] Common techniques include spinal cord evoked potentials introduced by Tamaki and Yamane 42 and Kurokawa, 25 somatosensory cortical evoked potentials introduced by Nash and Brown, 33 spinal somatosensory evoked potentials introduced by Shimoji et al., 39 and muscle MEPs introduced by Merton and Morton. 30 Unfortunately, such studies may not be sensitive enough to reliably predict neurological damage. 41 For instance, Bridwell et al. 5 described a series of 33 patients among whom 5 suffered neurological deficits not predicted on somatosensory cortical evoked potentials or MEPs. In 2 patients, the deficits were diagnosed via Stagnara wake-up tests. Conversely, Langeloo et al. 27 reported success in detecting neurological decline using transcranial electrical stimulated-MEPs, with early recognition of 9 events, 8 of which were corrected. Because there may exist discrepancies in sensitivity among the various monitoring techniques, it is now recommended that multiple and continuous neurological monitoring methods be used in addition to wake-up tests so that any false negatives provided by the electrophysiological recording are eliminated.
10,41

Intraoperative Blood Loss
Operations involving patients with AS have been associated with increased perioperative blood loss. 25, 33, 44 In some patients with kyphotic deformities, the presence of a highly curved spine prohibits achievement of a free-hanging abdomen. Specifically, if the abdomen is not supported, there is increased pressure applied to the chest with resultant increases in peak inspiratory pressure and ventilation problems. To compensate, generous additional padding may be used to relieve the pressure at the cost of increasing abdominal pressure and causing a resultant increase in central venous pressure, leading to distention of the epidural venous plexus. Tetzlaff and colleagues 43 described a procedure involving a patient undergoing decompression, osteotomy, and fusion at T-12 with blood loss of 17,000 ml perioperatively. Blood-loss issues can further be complicated by the inability to visualize the accumulation of an epidural hematoma on radiography or CT scans. Magnetic resonance imaging is considered the imaging modality of choice by radiologists for the diagnosis of hemorrhaging in such cases.
32,37
Iatrogenic Fractures
Due to severe spinal rigidity in patients with AS, deformity correction relies largely on the use of vertebral osteotomy procedures. Unfortunately, the lack of supporting ligamentous structures around the spine in these patients can make controlled fractures unpredictable and dangerous. Moreover, the long levers created by ankylosed vertebrae can generate significant translational and rotational forces that may lead to unintended subluxation of the spine leading to spinal cord compression. Belanger et al. 1 reported on a case in which the patient experienced quadriplegia immediately following a cervical osteotomy procedure performed with the patient under local anesthesia and in the sitting position. The patient eventually died in the ICU of pneumonia and heart failure. Radiographs obtained in the patient demonstrated a subluxation at the site of the osteotomy.
In addition to problems at the surgical site, unintended fractures can arise at sites distant to the segments that are undergoing surgical manipulation. Ruf et al. 37 reported on 2 such cases. One patient developed acute quadriplegia 15 hours after undergoing surgical correction of C1-2 anterolisthesis. Emergency MR imaging showed a hyperextension-type fracture through C6-7 with stenosis via the C-6 lamina and spinal cord edema. In addition a cerebral infarction resulted from blockage of the right vertebral artery, and the patient eventually died of stroke complications. The second patient in their study underwent a wedge osteotomy at T8-9 with cage interposition and T4-L1 posterior instrumentation for treatment of thoracic hyperkyphosis. Soon after the surgery, the patient was found to have an alarming level of mobility in the cervical spine. Emergency MR imaging with the patient still under anesthesia revealed a hyperextension rupture of the C6-7 intervertebral disc; a segmental lordosis of 10°was noted, as well as a small hematoma within the epidural space at T6-7. For such reasons, an extremely focused physical examination should be conducted after such procedures.
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Conclusions
The severely rigid yet brittle nature of the spine in patients with AS must not be underestimated when managing their care in the emergency room, operating room, or ICU. An increased rate of neurological damage exists in these patients due to excessive rotation and angulation at fracture sites, a phenomenon exacerbated by preexisting deformity and associated corrective maneuvers. Thus the routine management of patients with spinal lesions, including effective imaging, intubation, positioning, neurological monitoring, and deformity correction becomes particularly challenging in patients with AS. Early recognition of potential pitfalls and complications associated with the treatment of patients with AS will help to avoid preventable or iatrogenic injuries.
